Abstract -2-Isothiocyanatophenyl methyl ketones, generated in situ by treatment of 2-isocyanophenyl methyl ketones with sulfur in the presence of a catalytic amount of selenium and excess triethylamine, underwent electrocyclic reaction (ECR) via their enolate forms to give 4-hydroxyquinoline-2(1H)-thiones.
RESULTS AND DISCUSSION
It was found that when 2-isocyanophenyl methyl ketone (1a) or 4-chloro-2-isocyanophenyl methyl ketone (1b) was allowed to react with sulfur in THF containing an excess amount of triethylamine 1 and a catalytic amount of selenium at room temperature, the corresponding 4-hydroxyquinoline-2(1H)-thiones (3) were formed as shown in Scheme 1. Thus, isocyano ketones 1 were first converted into the corresponding isothiocyanates (2) . Their enolate forms (2') underwent ECR to produce 3, which were isolated as their acetates (4) in relatively good yields on treatment with acetic acid in pyridine. On the other hand, deprotonation of the thioamide hydrogen of 3a with an equimolar amount of sodium hydride and subsequent S-methylation with iodomethane proceeded smoothly to afford 4-hydroxy-2-methylsulfanylquinoline, which was isolated as 4-acetoxy-2-methylsulfanylquinoline (5) on treatment with acetic acid in pyridine in fair yield. 6-chloro-2-sulfanylquinolin-4-ol, which is liable to oxidation during O-acetylation and/or isolation procedures. However, after treatment of 6 with sulfur, 6-chloro-4-hydroxyquinoline-2(1H)-thione was S-methylated and O-acetylated as described above for the preparation of 5 to give 4-acetoxy-6-chloro-2-methylsulfanylquinoline (8) in fair yield. These results are depicted in Scheme 2. 
11
ECR, H + addition 12a 53% (E:Z = 0:10) 12b 56% (E:Z = 0:10) 12c 6% (E:Z = 2:8) 12d 42% (E:Z =1:9)
Subsequently, four ethyl 2-isocyanophenyl ketones (9) were prepared and reactivity of the corresponding isothiocyanates 10 was investigated. First, ethyl 2-isocyanophenyl ketone (9a) was subjected to the treatment with sulfur under the same conditions as described above. The ECR product (11a) was formed via the enolate form (10a') of ethyl 2-isothiocyanatophenyl ketone (10a) and isolated
However, (Z)-4-ethylidene-1,4-dihydro-3,1-benzoxazine-2-thione (12a), the product arising from ionic cyclization of 10a, was also isolated in 53% yield. The less favorable formation of the ECR products from ethyl 2-isothiocyanatophenyl ketones may be due to the effect of the "-methyl group of the intermediates (10a'). The stereochemical assignment for 12a was made on the basis of NOE experiments. Thus, irradiation of the signal at # 6.22 assignable to the vinyl proton resulted in an enhancement (10%) of the signal at # 6.86 assignable to 5-H. A similar result was obtained from 4-chloro-2-isothiocyanatophenyl ethyl ketone (10b), derived from 4-chloro-2-isocyanophenyl ethyl ketone (9b). The ECR product 11b
was isolated as its O-acetylated product (13b) in 32% yield, along with the corresponding ionic cyclization product (12b) in 56% yield as the sole stereoisomer. The stereochemistry of 12b was determined in a manner similar to that described for 12a. A similar sequence starting with 5-chloro-2-isocyanophenyl ethyl ketone (9c) afforded the ECR product (13c) in 54% yield along with small quantity (6%) of a stereoisomeric mixture of the ionic cyclization product (12c). This lower yield of 12c may be ascribed to the electron-withdrawing 5-chloro substituent, which decreases electron density of the carbonyl oxygen. The treatment of ethyl 2-isocyano-4,5-dimethoxyphenyl ketone (9d) with sulfur as described above, followed by O-acetylation, gave a stereoisomeric mixture of the ionic cyclization product (12d) in 42% yield as the sole isolated product; in this reaction only a trace amount of 13d was obtained as a mixture with products, whose structure could not be well-established. Almost exclusive formation of 12d may be due to the electron-donating property of the methoxy substituents, which increase electron density of the carbonyl oxygen. The ratios of these stereoisomers were determined by analyses of their 1 H NMR spectra. These results are depicted in Scheme 3.
The foregoing results have indicated that 2-isothiocyanatophenyl methyl ketones undergo ECR via their enolate forms in the presence of triethylamine to give 4-hydroxyquinoline-2(1H)-thiones exclusively and that ethyl 2-isothiocyanatophenyl ketones afford the corresponding ECR products, 4-hydroxy-3-methylquinoline-2(1H)-thiones, along with the ionic cyclization products, 4-ethylene-1,4-dihydro-3,1-benzoxazine-2-thiones. There have been a few method for the preparation of 4-hydroxyquinoline-2(1H)-thiones. 3, 4 Moreover, there has been only one report on the synthesis of 4-alkylidene-1,4-dihydro-3,1-benzoxazine-2-thiones. 5 The procedure described here should be of use in synthesizing these classes of heterocycles because of the ease of preparation of the starting materials and the simplicity of operations.
EXPERIMENTAL
All melting points were obtained on a Laboratory Devices MEL-TEMP II melting apparatus and are uncorrected. IR spectra were determined as KBr disks with a Shimadzu FTIR-8300 spectrophotometer.
The 1 H NMR spectra were determined using TMS as an internal reference with a JEOL ECP500 FT NMR spectrometer operating at 500 MHz or a JEOL LA400 FT NMR spectrometer operating at 400
MHz. The 13 C NMR spectra were determined using TMS as an internal reference with a JEOL ECP500
FT NMR spectrometer operating at 125 MHz. Typical Procedure for the Preparation of Products 4, 7, 12, and 13.
1-(4-Chloro-2-isocyanophenyl)ethanone (1b). This compound was prepared by treating

2-Thioxo-1,2-dihydroquinolin-4-yl Acetate (4a). A solution of 1-(2-isocyanophenyl)ethanone (1a)
(0.14 g, 0.95 mmol) in THF (2 mL 
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